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 , ADVERTISEMENT. 


The following Schu Ms are done, and publiſh'd, 
by James Ferguſon. 


Wo ASTRONOMICAL RoTULA, ſhewing 
the Place of the Sun, Moon and Moon's 


Nodes in the Ecliptic, with their Diftances from 


one another, every Day in the Year. The true 


Times of all the Eclipſes of theSun and Moon, from 


1730 to1800 incluſive; together with the Figures 


of all thoſe that are viſible, at London, Edin 
burgh and Faris. The Motions, Magnitudes, ſolar 


Diſtances, hourly Velocities &c. of all the Planets. 


Plain and eaſy aſtronomical Tables, never before 


publiſhed, for calculating the true Time of Nr 
and Full Moon. The Hour of the Day or Night, | 


in moſt remarkable Places of the Earth, havin 
the Time at any oneof them given; with ſevera 
other Problems; as ſhown by a printed Directi- 
on belonging to this Scheme. Price five Shillings. 


2 A DELINEATION OF THE MoOON's REAL 
PATH IN THEHEAVENS, ſhewing that her pro- 
greſſive Motion is always Concave, both to the 
Earth within her Orbit, and to the Sun on the 
outſide thereof. Price one Shilling and fix Pence. 


3 A PROJECTION OF THE Sun's EcL1PsE, 
as it will happen on the 14th of Fuly 1748, in the 
Forenoon, at 3 Edinburgh and Rome. Price 


—— 
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A S the name Orrery is very emproperly applied 
to this Machine, it ts neceſſary io inform the 
Reader why it bas been fo called. 

Jome think it was invented by The Earl of Orrery, 


but that is a Miſtake, for He neither wos, nor 


wanted to be taken for the Inventer 4 it. | 

Planetary Machines were made long before his 
Iime, witneſs the famous Glaſs Sphere of Archimedes, 
mentioned by Cicero, who ſaith, That it ſhewed the 
Motions of theSun, Moon and Planets.Pliny tells us, 


That Atlas and Anaximander both made ſuch a 


Sphere ; as Diogenes Laertius ſarth, Muſzus alſo 
Aid. Mr. Huygens in his Opuſcula Poſthuma, gives 
a Draught and Deſcription ;& Machine Inuente d by 
bimſclf ; wherein all the Planets belonging to our 
Syſtem, are repreſented going about the Sun, by Clock* 
Work in their proper Times; but without any of their 
diurnal Motions, or Inclinations of their Axes. Ano> 
ther Machine was contrived on the ſame Principles, 
by Mr. Roemer. | 
To repreſent, in a Machine, the Paralleliſm of the 
Earth's mclined Axis, and its diurnal Motion 
thereon, thro' its whole annual Courſe; ſhewing there- 
by all the beautiful Variety of Seaſons, with the different 
lengths of Days and Nights ; muſt baue been loobd 
upon in any Age, as an Invention worthy of the beſt 
Mechanic enius ; but the Honour of ſuch, 
was reſerved for a Gentleman of the preſent 
Age; who, above thirty Years ago, made a ſmall 
aching, wherein this Iwgeids Motion was repre- 
ſented; I call it Jurprifng, becauſe it ſhows how 
| 2 
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from ſo few Cauſes,” ſuch a variety of uſeſul and won 


derſul Effects proceed” _ | 


The way I have repreſented Venus in my Machine. 
as d-ſcribed in the folloiug Sheets, adds to the Vari- 
ety of theje Effefts ; ibo I will not preſume to ſuy that 
I could have given ſuch a Repreſentation of her Mo- 
tron, if I had not bein firſt led into it, by obſervins 
the Movement, which. in this Machine, carries the 
Ea#th round the dun in the Parallelijm of its Axis, 
for all the Difference betwixt the Motions of theſe two 
Flanets conſis in this, that Venus Axis 1s more 
inclin d than the Earth's; that her diurnal Motion 
thereon 15 ſlower ; and her annual Motion quicker 
than the Earth's ; and heuce ariſe a Multunde of 
diff-rent Agreuran ces ow 
Tue beautiful Simplicity of the diurnal and annual 
Motions of the Earth on ns inclin'd Axis, having been 
Mechanically repreſented ly the alone ſaid curious 
Cenileman; mad: others deſirous to imitate the ſame 
in PlangtaryMachines, aud lam told that Mr Rowley 
wasthe firft whoſucceeded therein ʒand having finiſhed 
his Machine, le called it theHoR a Rx; prebaps from 
its ſhewing the hourly Motions of the Flancts: But upon 
the Earl of Orrery's buying it from him, he called 
it the ORRERY. I have beard other Accounts of it, 
but this ſcems to be the \moſt probable. N 
Any Machine of this for! ong ht to be called by ſeme 
Name analogous to what it repreſents; ſuch as, The 
Celeſtial Atlas; The Copernican Sphere; or as 
Dr. Deſaguliers very juſtly, terms it, . The Planes 
tarium. But as, it has been for above ung Tears 
called The Orrery, I let my Planetary Machine pa/s 
under that Deſignations becanſe when Names are 


changed, Things are ſeldom ſo well. known. 
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ORRERY. 


HIS Aſtronomical Machine ſhews the n this 
. Motions of the Sun, Mercury, Venus, Orrery 
| Earth and Moon; with the retrograde 2 
Motion of the Moon's Nodes, and the Phænomena — 25 
of the Tides. The Reaſon why I put none of the 5er, in it 


ſaperior Planets in it, is, becauſe there can be 


no Regard had to their proportional Magnitudes 
and Diſtances, without crowding the Earth and 
inferiorPlanets ſo near to oneanother,and making 
them ſo ſmall, that their diurnal Motions, and 
the Appearances ariſing from them, could not be 
ſhown ſo as to be uſeful either for Inſtruction or 
Amuſement; even tho' the Movement was four or 
five Feet in Diameter: But where it is only 
eighteen Inches, the Earth and the inferior Planets 
may be put at their proportional Diſtances from 
the Sun, ſo as to ſhew their true Phænomena 
depending on their Diſtances. Indeed the * i- 
2 * / _ _ rudes 


tudes, with reſpect to the Diſtances, cannot be re. 
preſented ; but with reſpect to one another, they 
may; and without interfering with one another, 
they may be made large enough to ſhew the 
Effects both of their diurnal and annual Motions. 
When large Orreries ſhew all the Planets, little is 
| to be obſerved in Mars's Motion; and as for the 
apiter's Syſtem of Jupiter, that can be much better repre- 
3 em ſented in a Machine by it ſelf, where the Satellites 
letter move at their proper Diflances from Jupiter, as 
lf ” meaſured by his Semi-diameters ; and ſuch a 
Machine can be made to ſhew the Eclipſes of 
theſe Satellites for a long Time by Clock-work, 
very near to the Times that they happen in the 
Heavens: Beſides, the fewer Wheels and Friction 
there is in any Machine, the leſs able it is to 
be out of Order. | 
See the IN thisORRER, the Sun is placed nearly in the 
Ewe Center; ſupported by a Wire or Axis, round 
— which it turns in twenty fiveDays and an half. Its 
Pave, Center always keeps in the Plane of theEcliptic, 
The Sun or large broad Ring, whereon the Months and 
 etways in Days, with the Signs and Degrees are engrav'd, 
1 ſo as every Day may ſtand over the Place of the 
elipzc. Ecliptic, in which the Sun it, on that Day. This 
The Sun's is adapted to the ſecond Year after Leap Year, be- 
Place, cauſe it is the neareſt for finding the-Sun's Place 
4 when there is but only one Circle of Months an 
one of Signs, to ſerve for every Year. This Ring, 
or flat broad Circle, is ſupported by twelvePillars 
and has an annual Index or Pointer moving over it, 
and keeping always in the fame ſtrait Line with 
the Sun ons Earth; whereby it ſhews the Sun's 
zpparent Place in the Ecliptic, as feen from the 
—— Each, every Day in the Year. The Sun's Axis 
tothe E. makes an Angle of 824 Degrees with the 
etiptic, . Plane 


KS 


Flane of the; Ecliptic, ſtill keeping the ſame 


ofition ; but will be variouſly inclin'd to the 
Earth, ſometimes leaning toward it; at other 
Times ſidewiſe to it, and then from it; this is 
occaſioned by the Earth's going round the Sun: 


Motion 


And when the Sun's North Pole inclines toward / 


the Earth, his Spots will ſeem to move over his 
Diſc, in a Curve bending downwards; when it 
inclines from the Earth, the Curvethey deſcribe, 
will bend upwards, and when his Axis, inclines 
ſidewiſe to the Earth, the Spots will appear to 
move in a ſtrait Line. 


Nx xr to the Sun is a ſmall Globe repreſenting ateccury. 


Mercury, whoſe annual Motion round the Sun is 
performed in eighty ſeven Days and twenty 
three Hours; but has no Motion on his Axis in 
the Orrery; becauſe the Time of his diurnal. 
Motion in the Heavens is not yet known: Tho' 
tis very probable that he turns round his Axis as 
the reſt of the Planets do; on Account of the 
great Conveniency arifing from the regular 
ſucceſſion of Day and Night, 
Tux next Planet in order is Venus, which is 
uſually repreſented in Machines of this kind, as 
having her Axis perpendicular to theEcliptic, and 
her diurnal Motion equal to twenty three Hours 
of our Time, according to Caſſiniꝰs Obſervations; 
whereby her Year. containg nearly two Hundred 
and Thirty five of her Days, equal totwo. Hun- 
dred and twenty fourDays; and feventeen Hours 
on our terreſtrial Globe. If this be true, Venus can 
have no Variation of Seaſons; and ſo her annual 
Motion can be of no other Uſe than to prevent 
her falling into the Sun, But by Braughine's Obſer- 
vations, it ig far otherwiſes for he ſays, that her 
Axis inclines ſeventy five Degrees from the 


Perpen- ber. 


Venus. 


| 8} | 
Perpendicular to thePlane of theEcliptic, and het 
diurnal Motion is performed in twenty four Days 
and eight Hours of our Time ; her North Pole in- 
clines toward the twentieth Degree of Aguarius, and 
her Axis always keeps parallel to it ſelf, thro her 


whole annual Conrfe, which he owns to be per- p 
formed in the ſame Time (with Reſpe& to our Gi 


Earth) as Caſſini favs it is. | | 

On Account of B:anchini's great Candour, and | 
the Satisfaction He gave to ſome Perſons of 
Diſtinction, who being very well fkill'd in 
,.,,Altronomy, were preſent with him, at making 
1 his Obſervations, *tis highly probable that he was 
beſt. not miſtaken; and therefore I have made Venus 

in my Orrery move fo, as may exactly agree with 
his Obſervations; by which ſhe has the follow- 
ing remarkable Aﬀe@ions. EBIT. 

1. Her Axis is inclin'd fifty one Degrees and a 

half more than the Axis of our Earth, and there- 

fore herVariation of Seaſons muſt be much great- | 


er than ours. ee a 5 
2. Taz Sun's greateſt Declination on each Side | Ir 


of her Equator, amounts to ſeventy five Degrees ; 
therefore her Tropics are only fifteen Degrees' | tþ 
from her Poles ; and her Polar Circles at the | 


ſame Diſtance from her Equator: Conſequently, U 
her Tropics are between her Polar Circles aud — 
Poles; contrary to what thoſe on our Earth are. 


3. Her annual Revolution contains only 94 
ol her Days equal to two Hundred and twent 
four Days and ſeventeen Hours of our terrel⸗ 
trial Time: Hence the Sun will appear to go 
thro every Sign of the Zodiac, in eighteen and 
near one eighth of our Days; which make little 
more than three quarters of a Day in Venus. 


4. BECAUS | 


Cat Þ - 
BE CcAusz her North Pole inclines toward 

3 her Northern Parts will have Summer able 2 
in the Signs where thoſe of our Earth have Winter; pearancer. 
and vice verſd. en 
F. Tus artificial Day at each of her Poles, 
will be equal to 112 4 natural Days, on any 
Part of our Earth, from the Equator to the Polar 
Circles. 

6. BxcAavust her Day is ſo great a Part of her 
Year, the Sun changes his Declination every Day, 
325 Degrees; which is nine Degrees more 
than it changes in, a quarter of a Year on IS 
our Earth. This ſeems. to be Providenti- B. na 
ally ordered for preventing the too great Effect ,, ere 
of the Sun's Heat (which is twice as great on Day. 
Venus as on our Earth) by hindering the Sun from 
ſhining perpendicularly over the ſame Countries 
for two Days together ; and by this Means, the 
heated Places have Time to cool. 
J. Tux Diſtance of the Spirals of the Sun's 
Declination, in every apparent Circumvolution 

round Venus, may be found thus; Suppoſe an rw is 
| Inhabitant at her North Pole, viewing the Sun, i: found. 
and a graduated Semi - circle, ſo placed as to touch 
the Horizon in two oppoſite Points, and to paſs 
thro* the Zenith and the Sun, when he is at his 
greateſtDeclination,or at the higheſt;let theSpec- 
tator keep his Face toward that Side of the Semi- 
Circle, and he will have the following Phænomena. 

THz Sun will riſe about one hundred and twelve 
Degrees to the left Hand of the Semi circle, and 
aſcending gradually, he will croſs it at an Altitude 
| of ten Degrees; then making an entire Revolution, 
he will next croſs it again at an Altitude of 423 
Degrees: At the next Revolution he will 

crols it as he Culminates, at an Altitude of 


ty 


| [ 10 ] 
ty five Degrees, being then only fifteen Degrees 


ſame ſpiral Manner, till he ſets about one hun- 


Jow the Horizon, to exhibit the like Phænomena 
at the South Pole. Nes f 

8. Ar her Equator, the Days and Nights will 
not be equally long all the Year; becauſe the 
Sun changes his Declinat ion ſo much every Day; 
and when it is at the greateſt on either fide of the 
Equator, the Sun will then be only fifteen 
Degrees from the Zenith of the neareſt Pole; 
both Poles lying in the Horizon of all Places on 


the Equator. Therefore the diurnal and noQturnal 


Arches muſt be very unequal about that Time: 

| For, ſuppoſe to a Place on the Equator, the Sun 
The Days comes to his greateſt Declination at Mid-night, 
and Nights he will then be only fifteen Degrees below the 
nor equal Horizon; whereas at the Mid-day either foregoing 
9 long ze or following, his Declination being 16 f 
'\Equator, Degrees leſs, his meridian Altitude will be 
31 ; Degrees; which is 16% more than his 
Mid-night Depreſſion; and therefore the Day 


will at leaſt be twice as long as the Night. 


To any Place where the Dechnation is great- 
eſt at Mid-day, the Effect will be contrary. As 
the Sun returns from either of the . Tropics 
toward the Equator, the Days and Nights 
approach nearer to an Equality; and to the 
Place where the Sun paſſes over the Equator at 
Noon, that Day is Equal in length to its Night. 


9. Fo the great change of the Sun's Declina- 


tion every Day, it will happen, that when he 

riſes in the Eat, he will not on that Day ſet in 

the Weſt, as with us; but about North Weſt by 

- Weſt; and when he riſes South-Eaſt by Eaſt, ” 
W i 


from the Zenith; whence he will deſcend in the 


dred and twelve Degrees to the Right Hand of 
the Semi-circle; from which Place he deſcends be- 


| ew 

will on that Day ſet about the Weſt. Becauſe the ri · 13. o 
ſing and ſetting Amplitude of the ſame Day is al- n and 
ways ſo different, the Foorenoon and Afternoon Afternoon 
can never be of an equal Length, ſave only at 2 
the Poles; and on the Equator, where the Sun 1% a- 
croſles it at Noon; for at all other Places, the 2 the 
Sun is every Day nearer to, or further from the Poles. 
Meridian when he riſes than when he ſets, by a 
Quantity equal to the Difference of his Ampli- 
tude at riſing and ſetting. 

10. AT Venus's Equator, the Sun's Rays will 
be as oblique when his Declination 1s greateſt, as 
they are at London when he touches the Tropic 
of Capricorn in December; becauſe her Tropics &; be four 
are as far from her Equator on each Side thereof, — 
as the Tropic of Capricorn is from the Parallel of „Tear a- 
London on our terreſtrial Globe. Therefore at the Egua- 
her Equator, there will be two Winters, two . 
Springs, two Summers and two Autumns every 
Year: And, becauſe the Sun ſtays for a confider- 
able Time about the Tropics, and paſles fo 
quickly over the Equator, every Winter there will 
at leaſt be twice as long as Summer. But the 
Winters will be tolerably mild ; becauſe (as was : 
ſaid above) the Day will be ſometimes twice as 
long as the Night; and then the Obliquity of the 
ſolar Rays will be much compenſated by their 
duration: Where the Reverſe happens, with regard 
to Day and Night, the Odds cannot be ſo great as 
in Britain; becauſe the different Lengths of Day 
and Night are not comparatively ſo great at the 
Equator of Venus. 

11. AT her Poles, there is but one Day and one 
Night in the whole Year: There, the Difference 
between the Heat in Summer and Cold inWinter 
(er of Mid-day and Mid-night) is greater than 


betwixt the ſame in any two Places on our 
Earth , 


F 
| 


© © . » Degrees of the Zenith, where he keeps the ſame 


| [ 12 ] | 
Farth: Becauſe in Venus, the Sun is for half a Tear 
together above the Horizon of each Pole, in its 
turn; and for a conſiderable Part of that Time 
near the Zenith: And during the other half of the 
Year, always below the Horizon, and for a great 
Part of that Time about ſeventy Degrees from it. 


Whereas at the Poles of our Earth, tho' the 


Sun is for half a Year together above the Hori- 
zon, yet his Altitude is never twenty four De- 
grees above it in Summer, nor his Depreſſiongreat- 
er thanthatQuantity below it in Winter: When 
the Sun is in the Equator, he will be ſeen in the 
Horizon of both Poles; one half of his Diſc above, 


and the other below: And deſcending quite below | 


the Horizon of one, will aſcend gradually above 
that of the other; going round in a ſpiral Manner 
as he aſcends, until he comes within ſixteen 


Altitude nearly for ſome Time; then deſcends 
And once in the like ſpiral Manner, till he has got below 
at each of the Horizon, where he continues inviſible for the 


the Poles. other half of the Lear. This will oecaſion to 


each Pole one 8pring, one Harveſt, a Summer 

as long as them both, and one Winter equal in 
length to the other three Seaſons. 

12. Ar the Tropics, the Sun in Summer 


will continue for ſeveral of our Weeks together | 


above the Horizon, without ſetting, and as. long 
below it in Winter without riſing. While he is 


Pbanene- more than fifteen Degrees from the Equator, he 


gg neither ſets tothe Inhabitantsof the neareſt Tropic, 


ally in a ſpiral Line towards the Zenith of the 


former, till he reaches it; then deſcends in 


the like ſpiral Manner towards the Horizon 
without ſetting, till he comes within fifteen 


nor riſes to thoſe of the other; but aſcends gradu- 
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Degrees of the Equator ; and then ſets to the one 
Tropic, and riſes to the other, in which the 
Phenomena are the ſame. 
Inos Parts of Venus which ly betwizt the 
Poles and Tropics, and between the Tropics 
and Polar Circles ; and alſo between the Polar 
Circles and Equator, will more or leſs participate 
of the Phænomena of theſe Circles, as they are 
more or leſs diftant from them. 

13. Tux Sun's Altitude at Noon, or any other 
Time of the Day, and his Amplitude at rifing or , ferent 
ſetting, will be very different in Places lying pj; nome- 
under the ſame Parallels. of Latitude, according na in Pla- 


to the Difference of Longitude of theſe Places;be- 0 of be 


cauſe the Sun's Declination varies ſo much in the — 

Time that Venus makes one diurnal Revolution 

on her Axis. 53 | 
14. Txt Places of the Equinoxes and Solſtices 

en the Body of Venus go backward, or from Eaſt 

toward the Weſt, ninety; Degrees every Year: 

This is occafioned by the Sun's being a quarter of 7% Eau, 


a'Day later every Year in croſſing the Equator, %, _ 
than on the Year before ; and — he will od. 
croſs it in a Place ninety Degrees Weſtward of ward 
the former, every Year. Hence, tho the Spiral 11 Pe- 
in which the Sun's apparent Motion is performed, . 
be of the ſame ſort every Year, yet it will not be 7 

the very fame ; becauſe the Sun will not paſs 
vertically over the ſame Places, till four annual 
Revolutions are compleated. This will make the 
Phenomena very different at different Places of 

the Equator, eſpecially withRegard to the differ« 

ent Lengths of Day and Night in each Winter; 
which will alſo be different to each particular 

Place thereon, from what they were on the pre- 
ceeding Tear; beginning the ſame Courſe over 

again, at the End of every four Years. 15. THIS 


[14 ] 
hich 15. Ta1sgreat annual Change of the Equinoxes 
 frifts the and Solſtices in Venus, will ſhift her Seaſons for- 
Seaſons 4 ward a quarter of her Day (or about ſix of ours) 
75 every Lear; which in four Years, will amount to 


1 a whole Day : And conſequently, in eighteen 


in that Years, her vernal Equinox and Summer Solſtice 
Time. will fall on the fame Days of the ſame Months, 


whereon her autumnal Equinox and Winter Sol- 
ſtice fell eighteen Years before: Therefore in 
thirty ſix Years her Seaſons will ſhift forward, 
thro? all the Days of her Year, and then return 
to the ſame Days of the ſame Months they began 


4 Refj- at. Wherefore to rectify Venu Calendar, or to 


fication of keep always the fame Seaſons to the fame 


Venus Months and Days, it will be neceſſary to inter- 
_ Calendar. calate a Day every four Years, which will bring 
* her Days to an even Reckoning, by making every 
fourth Year a Leap Tear, containing ten Days; 
and her Calendar will need no other Rectification. 
Taksk are the principal Phænomena ariſing 
from the Motions of Venus, as they are performed 
in this Orrery ; and I ſhall only add an Account 
of ſome Appearances that muſt happen, whether 
her Axis be perpendicular, or oblique to the. 
Plane of the Ecliptic; and which do not depend 
upon the Times wherein either her dinrnal or: 


annual Motions are performed. 


1. To the Inhabitants of Venus, the Sun's. 
Diameter will appear one half greater then it does 


Sani to us on Earth y and therefore his Diſc, will 


Planets appear more than twice as large ſeen from Venus, 
— to than it does ſeen from the Earth, her Light and 


enus. Heat will alſo be double to ours. | 


2 Txt Phænomena of Mercury ſeen from 


Venus, will be much the ſame as of Venus ſeen 


from the Earth; ſometimes Riſing before, _ | 
| „ 


| [15] 
at other Times ſetting after the Sun; but he will \J 
be oftner ſeen ſtationary and retrograde; never 
further from the Sun than thirty eight Degrees: 
he will alſo ſeem to increaſe and decreaſe as the 
Moon does. | 
3. The Inhabitants of Venus will ſee four ſupe- 
rior Planets, whoſe Phænomena will be much like 
thoſe of Mars, Jupiterand Saturn ſeen fromtheEarthz 
bat ourEarth will be the moſt remarkable of them, 
when in oppoſition to the Sun; for then it will 
ſhine with a full Orb, very bright in the Night, 
and with a larger Diſc than Venus has when ſeen 
from the Earth; after which it will gradually 
diminiſh both in its Luſtre and Figure, until 
toward the Con junction; when it will hardly be 
diltinguiſhable by the naked Eye from a fixt Star. 
The Moon will appear to accompany the Earth 
bas Jupiter's Satellites do Jupiter) to throw her 
Shadow upon it, and be Eclipſed by it. The 
11 NE xx to Venus is the Earth, with its Satellite Earth aud 
the Moon, which goes round the Earth in twenty Moon. 
ſeven Days and eight Hours, thro? all the Degrees 
of her Orbit; or from any given fixt Star to it 
again: This is called the Moon's periodical 
Revolution, But from the Sun to the Sun again, 
or from any particular New Moon to the next, Both go 
| the takes twenty nine Days and an half; which one ro, 
is called her ſynodicat Revolution. In accom- 28 
panying the Earth, ſhe is carried with it, round * 
about the Sumonce every Lear. 
On this Terella, or little Earth, is delineated 
a (mall ſketch of a Map, with the Equator, Tro- 
BZ pics, Polar Circles and ſome Meridians; where- 
ol two repreſenting the Colurescroſs one another 
3 at right Angles in the uppermoſt, or North Pole, 
; 


2 
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and in the lowermoſt, or South Pole. The Wire- 
paſing thro' theſe Poles, whereon the Earth turns 

round, is called the Earth's Axis; which inclines 

Taclina- 233 Degrees from the Perpendicular to the 
fon of 1b Plane of the Ecliptic : The North Pole con- 
Ari, ſtantly leans toward the beginning of Cancer, 
for theEarth thro'its whole annual Courſe keeps 

its Axis Parallel to it ſelf: That is, if in any 

Part of the Earth's annual Path, a Line be 


ba drawn parallel to her Axis, it will always 
what? be Parallel to that Line. 


Tk Earth in each Rotation on its Axis, from 

any fixt Star to the ſame again, meaſures a ſyde - 

$ydereal, real Day, or 23 Hours, 56 Minutes, and 4 Se- 
and Solar conds, of mean ſolar Time, but from the Sun to 


Day. the Sun again, juſt 24 Hours of the ſame Time, 


according to a mean Motion. | 
UNDER the Earth is a ſmall Dial Plate di- 
Syderea! vided into 24 equal Parts, which are the ſyde- 
Hours, real Hours: An Index fixt on the Earth's Axe, 
moves round this Plate every ſydereal Day; and 
becauſe the Plate always keeps parallel to it ſelf, 
the ſame Hours always point toward the ſame 
fixt Stars. Its Index ſhews the ſydereal Hours; 
and the difference of Time between the Sun's 
coming to the Meridian of any Place, and of any 
given fixt Star's coming to the ſaid Meridian, 

every Day in the Year. 

On the Cover of the Machine are twoCircles, one 


1 whereof is divided into 29 equal Parts, 


„on which are the Days of the Moon's Age, 
* as pointed out by its Index, while the Moon goes 
round the Earth: The other Circle is divided 
into twice twelve Hours, having an Index to 
point ont the ſolar Hours thereon, as the Earth 
turns its different Parts toward the Sun: And in 
the Time that any particular Meridian gy noi 

_ revolves 
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cauſing any particular mend:an-Semicircle 


(nn) 
Tevolves round from the Sun to the Sun again, the 
Index of this hour-Circle (as it ſhall be always 
called) will go once round it, over all the twenty 
four Hours thereon ; ſhewing when the Sun riſes 
and ſets, with the difference of Time, at all Places 


delineated on this ſmall Globe or Earth. The 


Hour-Circle does not keep parallel to it ſelf, as 
the ſydereal Dial Plate does, but has one of its 
XIIs always pointing toward the Sun, to 
repreſent Mid-day ; as the other XII pointing 
the contrary way, denotes Mid-night. | 


Tus ſydereal Index always 2. Minutes 
x 4 its Dial Plate, 427 
than the Solar Mader does round its Hour -Circle, 3 


and about 56 Seconds ſooner rau 


The Sy- 
eal Day 


ways 


every Day in the Year; and theſe Differences /-r1ter .. 
added together, make one turn of the ſydereal n he 
Index (or of the Earth abſolutely round its Axis) ſolar Day. 


in a Year, more than the number of natural Days 
contained in the Year, Therefore in 365 Days, 
the Earth turns 366 times round its Axis, which 
muſt happen, becauſe the diurnal Motion of the 


Earth round its Axis, and its annual Motion 


round the Sun, are both performed the ſame way, 
namely from Weſt to Eaſt; thus, one turn af the 
Earth with reſpect to Day and Night, is loſt in 
the Tear; as it would be loſt to a Traveller in 
going round the Earth from Eaſt to Weſt, 
N Sun's apparent diurnal Mation. 
Hence, if the Earth had no annual Motion, the 
Sun and fixt Stars would ſtill keep the ſame 
Situation with reſpect to one another, and 


then the ſolar and ſydereal Time would always 


be the ſame. 


Ix Working this Machine, every turn of the 
Handle anſwers exactly to a natural Day, by 


of 


— 


e 

of the Earth revolve round from the Sun to the 
Sun again; and by carrying on the diurnal and 
annual Motions together, ſhews a Day's progreſs 
of the Planets in their annual Orbs; and what 
Proportiori che length of their Days have to ours 
at all Times. . | 
ALTHOUGH the Moon in her Orbit ſometimes 
aſcends above, and at other times deſcends below 
the Plane of the Ecliptic, yet the Earth never 
deviates from it; for its Plane always paſſes thro? 
why the the Centers of the Earth and Sun; which is the 
Sun is al. Reaſon why the Sun always appears in the 
ways ſeen Ecliptic, as ſeen from the 3 and of the 
in bs Moon's appearing ſometimes er and ſome- 
Eclipiic. times lower in the fame Signs, than the Sun dees 
therein. Becauſe the Sun remains in the Center 
of our Syſtem, and the Earth has a Progreſſive 
Motion in the Ecliptic, when we ſay, the Sun 
is in ſuch a Sign or Degree, the meaning of it is, 
that the Earth is really in the Sign or Degree op- 

poſite to the Sun's apparent Place. | 
Tux Paralleliſm. of the Earth inclin'd Axis, 
as it turns round the ſame, and its ſimple Motion 
Variation in the Ecliptic, ſolves all the Phænomena of Day 
ef Seaſons. and Night, with the gradual Increaſe and De- 


creaſe thereof, and all the Variation of Seaſons as 4 i 


they continually change. To make theſe things 
the plainer, let us take a view of the Earth once 
round its annual Orbit. | 
TvkN the Handle tilt the Pointer on the E- 
cliptic comes tothe beginning of Aries which 
Sign the Sun apparently enters as ſeen from the 
Earth, when it is at the beginning of Libra: The 
San is then vertical to the Equator, whoſe Plane, 
jf produc'd. would paſs thro* the Sun's centre, 
6 and form the Equinoctial in the Heavens. 2 
i this 
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this Poſition, the Earth is enlightned from Pole to 
Pole; as is ſhown by a black Cap, which covers 
one half of the Earth, and now with its Edge cuts 
9 poles. Becauſe this Cap ſtill faces the Sun, 

ividing the enlightned Hemiſphere from the 
darkned One (or the Day from the Night) the 
Limit of its Edge repreſents the Circle boundin 
Light and Darkneſs. To all Places of the Eart 


coming out from below the weſtern Edge of the ci bonn 
Cap, the Sun appears to riſe in the Faſt; and ng Light 
ſets in the Weſt, as they go into the Dark, under . 'D 


the eaſtern Edge of the Cap. As the Earth turns 
round its Axis in this Poſition, juſt one half of the 
Equator, and all its Parallels go equally thro' 
the Light and the Dark, becauſe they are all 
equally cut by the Circle bounding Light and 


Darkneſs; there fore the Days and ights are of Dain 
equa) Length, that is twelve Hours each, over Nijzbe. 


all the Earth. This you may farther obſerve, by 
any meridian-Semicircle coming out from be- 
low the Cap, when the Index on the Hour-Circle 
is at Six in the Morning ; for then turning the 
Handle till the Index comes to Six in the Even- 
ing, the ſame meridian-Semicircle will all at 
once go in below the Cap; and ftay under it, 
till the Index comes again to Six in the Morn- 
ing. The Earth being thus at the beginning of 
Libra, and the Sun as ſeen from it, at the begin- 
ning of Aries; makes vernal Equinox to-thoſe 
who inhabit the Earth on the north Side of the 
Equator, and autumnal Equinox to thoſe on the 
ſouth Side thereof. The Sun now riſes to the 
north Pole, which you'll ſee conftantly Illumi- 
nated ; and ſets to the ſouth Pole, which will 
be hid in the Dark; till the Sun appears at Li- 
bra, when the Earth 8 travell'd half round 

its 


— — 


(20) 1 
its annnal Courſe to Arics ; that is, half round 
the Ecliptic. «7b, whw 
As the Earth moves from Libra toward Capris. 
corn, you'll ſee the north Pole gradually coming 
into the enlightned Hemiſphere, as the ſouth 
Pole goes from it into that which is in the Dark. 

TheDays now gradually lengthen at all Places on 
the north Side of the Equator, and the Nights 
ſhorten in theſame Proportion, while the contrar 

happens in the ſouthern Parts, till the Eart 
comes to the beginning of Capricorn; and the 

a 5 the Pointer, appears at Cancer. 

alice. In this Poſition of the Earth, all the Space inclu- 
ded within the arctic Circle, or the whole north 
frigid Zone, is entirely enlightned; and the ſouth 
frigid Zone, or Space bounded by the antarctic 
Circle is hid in Darkneſs, The Days are now 
at the longeſt betw#en the Equator. and arctic 
Circle, being gradually longer as the Places are 
more iſtant from the Equator : But in the ſouth- 
ern Hemiſphere, the Effect is contrary; the 
Days being there at the ſhorteſt, and Nights at 
the longeſt. It is now Mid-day at the north 
- Pale to which the Sun roſe, and Mid - night at the 
ſouth Pole whereto he fet, when at his entring 
Aries, the Earth was at the beginning of Libra : 
For at each Pole the Day is equal to the Night, 
Which is half a Year long. The Sun being now 
vertical to the Tropic of Cancer, makes Sum- 
mer on the north Side of the Equator, and Winter 

on the ſouth Side thereof, 


* 


As the Furth is going from Capricorn toward | 


Summer Aries, and the Sun appears to move in the 
on the de- Ecliptic from Cancer toward Libra, the north 
. clin, Pole 2 turm away fiom the Light, and 
the fouth Pole approaches at the _ rate. 

| ence, 
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Hence, the Days ſhorten and the Nights lengthen 


in the northern Hemiſphere, as the contrary * 


happens in the ſouthern, till the Earth arrives at 
Aries, and the Sun from thence appears at Libra: 
Then the Circle bounding Light and Darkneſs 
again cuts the Earth thro' both its Poles, becauſe 


the Sun is in Plane of the Equator; which, with all 


its Parallels will now vey thro'the Light 
and the Dark, by the Earth's diurnal Motion; 


f al 
and conſequently the Days and Nights are again Daten 
of an equal length at all Places of the Earth. The Nig). 


Sun now ſets to the north Pole, having ſhone 
half a Year upon it; and riſes to the ſouth Pole, 
having been as long abſent from it; which makes 


Side of the Equator, and vernal Equinox to thoſe noa. 


on the ſouth Side thereof. | 

As the Earth goes from Aries toward Cancer, 
and the Sun appears to travel from Libra toward 
Capricorn; the north Pole gets more and more 
into the dark Hemiſphere below the Cap, and 


the ſouth Pole at the ſame rate advances into the 


Light. In the northern Hemiſphere: the Days 
continue to ſhorten, and the Nights to lengthen 
as much; till the Earth comes to Cancer, when the 
Sun appears at Capricorn; and then all the Space 
included within the arctic Circle is involv'd in 


Darkneſs, as that which is bounded by the antarc- 


tic Circle is all in the Light. The Days are now 


being gradually ſhorter as the Places are more 
remate from it + Ia the ſouthern Hemiſpherethe 
Effect ig contrary, It is now, Mid-night at the 
north Pole, whereto the Sun ſet at his entring 
Lita; and Mid-day at the fouth Pole, to whi 
he then roſe, The Sun being now vertical to the 
Tropic 


. : | Ant um- 
autumnal Equinox to the Inhabitants on the north 54. Equi- 


at the ſhorteſt on the north Side of the Equator, * 
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Tropic of Capricorn, makes Winter in the 


northern, and Summer in the ſouthern He- 
miſphere. n 4. 1 
As the Earth moves from Cancer toward Li 
bra, the Sun ſeems to 5 from Capricorn toward 
Aries; and the north Pole gradually approaches 
toward the Light, as the ſouth Pole recedes from 


it. The Days now lengthen, in the northern 


Hemiſphere, and ſhorten in the ſouthern, until 
the Earth has got to the beginning of Libra, and 
the Sun appears at A ies; in which Poſition the 
Days and Nights are again equally long to all 
Places of the Earth; which has now finiſhed one 


annual Revolution, and gone tho all its variety : 


of Seaſons, A rh 1178 
Arno' the north Pole in Summer inclines 


toward the Sun, and the ſouth Pole from it; 

which makes the Days longer than the Nights in 

Summer, and reverſes the whole Phænomena in 

Winter; yet in all Poſitions of the Earth, its 

/ Equator is equally enlightned, becauſe it is always 

Day and equally cut by. the Circle bounding Light and 

Nigh: al- Darkneſs ; and therefore to all Places upon it, 

wa: the Days and Nights are equally long throughout 
e | 

Tus riſing and ſetting of the Sun may be 

found at any Place of the Earth delineated on the 

ſmall Globe, by turning the Handle till the 

given. Place points toward - the Sun, and then 

ſetting the Index on the hour-Circle to XII; 

which done, turn the Handle backward till the 

Place is juſt going in below the Cap, and the Index 

un': will point out the Time of Sun riſing; thence 

rifing and turn it forward till the ſaid Place comes to the 


es. eaftern Edge of the Cap, and the Index will ſhew 


the 
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the Time of Sun ſetting at that Place, any Day of 
theYear, as denoted by the Pointer on the Ecliptic. 
Is you know at what Time, in any Day of the 
Year, a given fixt Star comes to the Meridian of 


your Place, you may find the Time of its coming 


to the ſame Meridian every other Day of the Year, 
in the following' manner. Turn the Handle till 


the Pointer on the Ecliptic comes to the ay 


you want, then obſerve when the ſydereal Index 
points to the Time of the ſaid Star's coming to 
the Meridian; ſtop there, and ſet the Index on the 
hour-Circle to the ſame Time either of the Day, 
or of the Night; reckoning the 12 on the ſyde- 
real Dial Plate to be Mid-night, and the 24 there- 
on to be Mid-day. This done, fix a bit of Paper 
on the Wall of the Room, ſo as it may face your 
Meridian in the Poſition it now ſtands; and let 
this Paper repreſent the fixt Star at a great Diſ- 
tance. Then turning: the Handle, obſerve when 
the ſydereal Index always comes to the. ſame 
Time on its Dial Plate, which it continually 
does when the Plane of your . meridian-Semicir- 
cle extended, would paſs thro the Star or Paper, 


3 and the Index of the hour-Circle then points out 
the mean Time of the given Star's coming to the 
Meridian every Day, as ſhown by the Pointer on 


xt 


When any 
Star 


the Ecliptic: and it will be ſeen do come to the e 


Meridian almoſt four Minutes ſooner every Day zh 1 


than it did on the Day before, which in about 15 fan. 


1 Days, will make an Hour; and ſo of Courſe will 
be 12 Hours in half a Year. Therefore, any Star 


about the Equator, which at any particular Hour 
on a given Day riſes in the Eaſt, will in half a 
Year after, ſet at the ſame Hour in the Wett; be- 
cauſe in that Time the Earth has gone thro one 


half of its annual Circuit ; and-at the end of an- 
| | other 
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other half Year, it will riſe in the Eaſt at the fame 
Hour in which it roſe on that Day Twelve- month 
before. Hence, let the number af ſolar Days in 
any Year be what it will, in the Earth or any ather 
Planet; the number of ſydereal Days will be 
one more, of] ft rs 
Ix this ſmall Globe or Earth are four Pin- 
holes, one in the Equator, one in each Tropic, 
and one in the Parallel of Landau. In each f 
theſe Holes put a Pin (having firſt taken off the 
Cap) to repreſent ſo many Inhabitants, each 
[| ſtanding with his Feet toward the Center of the | 
| Earth: Then turn the Handle till the Sun by ? 
. the Pointer appears at Aries, when he will be 
f vertical tothe Inhabitant on the Equator, who 
i can have no Shadow that Day at Noon. But in 
j! How the the Forenoon, his Shadow will be projected a- 
8 - long the Equator Weſtward, and in the After- 
mes caſt noon it will be Eaſtward on the Equator, with- 
heir $ha- out the leaſt ſenſible Deviation from it, all that 
dows. Day; as may be ſeen by taking off the Sun, and 
putting 2 bit of Wax Candle in its Place. But 
| 2s the Pointer on the Ecliptic advances toward 
1 Cancer, the Shadow will be gradually thrown 
| Southward, as the north Pole inclines more and 
18 more toward the Sun; till by the Pointer he 
i appears at Cancer, when he will be vertical to 
the Pin or Inhabitant on the northern Tropic at 
Mid- day, and the Pin will have no Shadow at 
that Time; but at all other Times his Shadow 
will fall on the North ſide of the Tropic of Can- 
cer Whereon he ſtands. Turn on, till the Poin- 
ter is at the beginning ot Libra, and then the 
Inhabitant on the Equator will have no Shadow 
at Noon; but be will have it Weſtward in the 
Forenoen, and Eaſtward in the Afternoon as be- 


ore; 
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fore; and now for half a Year it will fall on the 
North fide of the Equator. When the Pointer 
comes to Capricorn, the Sun is vertcial to the 
ſouthern Tropic, whoſe Inhabitant will have 


no Shadow at Noon that Day: But as the Earth 


travels forward, the, Shadow will fall to the 
Southward of the ſaid Tropic. Hence, every 


Fear the Sun is twice vertical to the Equator, and 


once to each Tropic; but never to any Parallel 
of Latitude, between either of the Tropics and 
its neareſt Pole. Thus by putting Pins in diffe- 
rent parts of the Globe, as one in the middle of 
each Zone, the Ampbiſcians, Periſcians and He- 
teroſcians may be known by their manner of caſt+ 
ing their Shadows, | | 

As the Earth is carried about the Sun, its 
progreſſive Motion is ſo much flewer in the Farths an- 
Southern half of the Ecliptic than in the Nor- ua! M»- 


thern, as makes the Sun appear to be eight Days , e 


longer in going from the beginning of Aries, to — 
the beginning of Libra, than it takes to go from ,,..,,, 
thence to Aries; by which Means it goes faſter in n o- 
our Winter as it approaches nearer the Sun, than Vinter. 


| in Summer as it recedes further from him; for 


its annual Motion is Excentric; ſo are thoſe of 
Veuut and Marcury in this Machine. 

Taz Moon goes round the Earth in the Plane Phnom 
of an elliptical Ring, which repreſents her Orbit, 24 The 
making an Angle with the Echptic, asthe Moon's 
Orb does in the Heavens. 'Therefore the Moon 
will be ſometimes on the north Side, and fome- fur dif- 
times on the ſouth Side of the Ecliptic, which is ferentLa- 
called her north and ſouth Latitudes ; theDegrees id. 
and Parts whereof are engrav'd from each Node, 
to the higheſt and loweſt parts of her Orbit; which 
16 5 ns TATE CINE of theEclip- 

tic: 
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tic: and where the reckoning ends, is marked N L 
for North Latitude; and 8 L. for South Latitude. 


in thoſe Parts of the Moon's Orbit where the 
Wites that ſupport it are fixt. That from which 
the Moon begins toaſcend Northward above the 
Ecliptic, is called the Aſcending, or north Node; 
as the oppoſite one from which the Moon de- 
ſcends Southward below the Ecliptic, is called 
the Deſcending or ſouth Node. A right Line 
55 drawn from the one to the other, would paſs 
Ine of thro' the Earth's Centre, and be called the Line. 
the Nodes. of the Nodes. They always keep oppoſite to 


twelve Signs of the Ecliptic in almoſt nineteen 
Years; and on each ſide of them both is engrav'd 
a ſmall Sun 18. Degrees, and a ſmall Moon 12 De- 
Limits of grees, diſtant from them; Theſe are the Limits 
rbe Eclip- of Eclipſes, the firſt of the Sun, and the other 
ſes. of the Moon. N | 
Ir the Moon's Orb lay altogether in the Plane 
of the Ecliptic, there would be an Eclipſe of the 
Sun (as it 18 very improperly called) at every 
new Moon, becauſe the Moon's Shadow then 
paſſing over fome parts of the Earth, would des 
fed " aol Sun is a great luminous Body, and the Moon a 
»yChange. ſmall opake one, her Shadow will be Conical; 
and can only cover a ſmall part of the Earth at 
once; and therefore there would be many ſuch 
Eclipſes mviſtble tho' at Noon-Day, to a great 
Nor the many Places of the Earth. At every full Moon, 
Mon at ſhe would paſs thro' the Earth's Shadow, which 
eren Full. would be broad enough to cover her, if her Dia- 
meter was three Times as large as it really 1s: 
And ſo ſhe would undergo a real Eclipſe ; Total 


to 


Hir Nodes The two Nodes ly in the Plane of the Ecliptic, 


one another, and move backward thro' all the 


The Sun prive them of the Sun's Light. But becauſe the 


lowing manner. 


AC] | 
to all the Earth's Inhabitants who would have 
the oppportunity of ſeeing it. But becauſe the 
Sun and Earth are always in the Plane of the 
Ecliptic,”and the Moon's Orb is inclined to it, Becauſe 
and cuts it ogly in the Nodes; 'tis plain there ber Orb _ 


can be no Eclipſes of the Sun or Moon, but — 


when the Line of the Nodes either paſſes thro' f be E- 
or nearly by the Sun, at the Time of New or cliptic. * 
Full Moon: And from the Time that this hap= 
pens till it does ſo again, is about 173 Days or Men E- 
near half a Year; ſave what allowance is to be clipſes 
made of 18 Days or Degrees on either ſide of * h- 
the Nodes, within which the Sun may be Eclip- “ 
ſed ; and of 12 Degrees, within which the 
Moon may ſuffer an Eclipſe ; as is ſhown by the 
Limits above mentioned. . 

As the Moon goes round the Earth, ſhe ſtil] 
keeps the ſame Face or Side toward it; the rea- „ 
ſon whereof is, that ſhe turns round her Axis 11 — 
exactly in the Time that ſhe revolves round the b /ame 
Earth; which (as was mentioned before) is in ſde to- 
27 Days and about 8 Hours; and that will be 2 
the Length of her ſydereal Day; for then ſhe _— 
will have ſhown her ſelf all round to any fixt 


k 


Star near the Ecliptic, which is jaſt as good a 


demonſtration of her turning round an Axis 

within her pwn Body, as the Earth's ſhewing it 

ſelf round to a fixt Star in 23 Hours 56 Minutes 

is of its turning round its own Axis in that 

Time. But her ſolar or natural Day is trom r jj: 
one Con junction to another, in which Time ſhe Day equa! 
ſhews her ſelf all round to the Sun; namely in e 4 lunar 
29 Days and an half of our terreſtrial Time: Mn. 


And this we may ſee by the Orrery in the fol- 
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Ton the Handle till the Moon is in oppo- 


ſition to the Sun, that is, when all the half of 

her next the Earth is without the black Cap, 

which ſhews her Phaſes by dividing the enlight- 

ned, from the darkned Hemiſphere; and then 

ſhe will appear with a full Orb as ſeen from the 

Earth. In the middle of this Orb, Face, or 

Diſc (call it which you pleaſe) is a ſmall black 

Spot repreſenting an Inhabitant, who at that 
Time has the Sun in his Meridian. In the Plane 

of this Meridian, fix a bit of Paper at a diſtance 
,on.the Wall, which may be done by ftretching 

à Thread from the Moon over the Earth and Sun 

to the Wall, and pinning the Paper there z which 

will repreſent a fixt Star in the Meridian with 

the Sun. This done, turn the Handle, and the 

Mon': Spot will turn away both from theSun and Star, 
Phaſer. toward the eaſtern Edge of the Cap; and the 
Sun as ſeen from the Spot will appear to turn 
lower and lower, till the Moon comes to her 

third Quarter, and then the Sun will ſet to the 

Spot as it goes in below the Cap, when one half 

of the Moon's Side next the Earth diſappears, 
becauſe it is hid in the Dark. Turn on till the 

Moon comes, to her Con junction, When all the 

ſide of her next the Earth goes in below the Cap; 

then ſhe diſappears quite to it, being the Time 

of New Moon; and the Spot or Inhabitant is in 

the middle of the dark Hemiſphere, and conſe- 
quently it is Mid- night to him: But he will fee 

the whole enlightned fide of the Earth, appear- 
1 mining ſtrongly upon him; becauſe 
to him it is then in Oppoſition to the Sun. If 
the Moon at that Time is in er near any of her 
Nodes, he will ſee a Spot travelling over the 


Earth, which is the Moon's ſhadow, and the In- 
7 PL. habitants - 
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habitants of the Earth under it will then have hw « 
an Eclipſe of the Sun. Turn on, and when the 77½½ E. 
Moon comes to her firſt Quarter, the Spot or In- _— 
habitant on her will be juſt coming into the peart t 
Light, and the Sun will appear as riſing to him: the Moon. 
The ſide of the Moon next the Earth being juſt 

half in the Light and half in the Dark at that 
Time. Continue turning, and the Spot will ad- 
vance more and more into the Light, as the Sun 
appears to riſe higher and higher to ĩt: But if you 

now er obſerve theSpot, you'll ſee it point 
toward the Paper or Star, two Days (or turns of 

the Handle) and four Hours, before the Moon 
comes to her next Oppoſition, and here her ſyde- 

real Day is finiſhed: But the Spot will not 
Point toward the Sun until you turn the Handle 

-2 + Times round; and then the Moon will be 

Full, or in her Oppoſition ; and the Spot or In- 
habitant will have the Sun again in his Meridian, 
which will compleat his falar Day; and the Earth 

heing then between him and the Sun, becomes 
inviſible to him. If the Moon beat that Time 


near any of her Nodes, the Inhabitants on her 7 lunar 


will haveanEclipſe ofthe Sun, becauſe the Earth's _ 

Shadow will fall upon the Moon, and cauſe her —— 1 
to be Eclipſed as ſeen from the Earth.Soa lunar fn ,. 
Eclipſe. to the Earth is a ſolar Eclipſe to the 70 the 


Moon, and a New Moon anſwers toa full Earth; Mon, 


,as a Full Moon does to a new Earth. When the 


Moon is in her firſt Quarter, 'ſhe ſees the Earth 
in its third Quarter, and vice verſa. Diet; 
- Taz Difference between the Moows ſydereal 
and ſolat Day (or between Her periodical and 


 {ſynodical Revolution) atifes from the Earth 


going forward in the Ecliptic almoſt 2 
while the Moon is going round a 
182 * 
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Orbit ; and therefore ſhe never finds the Sun 
where ſhe left Him at the laſt Con junction, but 
muſt travel forward 28 Degrees from that Place 
A repre- to overtake him at the next. This may be very 
+ hi well underſtood by the Hour andMinute-hands of 
25»; AaWatch,which being together, or in Con junction, 
periodical ſuppoſe at XII on the Dial - plate: both Hands go 
and ino forward like the Sun and Moon, tho' the Minute- 
dicalKev9- hand goes ſomewhat too flow to repreſent the Mo- 
n. tion of the Moon, with regard to the Sun's Mo- 
tion as repreſented by the Hour-hand ; becauſe 
the Minute- hand makes but 11 Con junctions with 
the Hour- hand in the Time that it moves round; 
whereas the Moon makes 12 Con junctions and + 
more with the Sun in the Time that he apparent- 
ly moves once round the Ecliptic. When the 
Minute-hand goes round from XII toXII again, it 
finds not theHour-hand there; for it has gone in 
that Time to I and will be a little paſt I, when 
the Minute-hand overtakes it at its next Conjune- 
tion. Thus, the Motion of the Minute-hand 
round the Dial-plate, from any Place thereof to 
the ſame Place again, is its Periodical Revolution; 


and from the Hour-hand to the Hour-hand again, 


is its ſynodical Rovolution. 


-ALTHO' the Moon puts on different Phaſes as 


The ſeen from the Earth, yet to an Eye placed in theSun 
Moon al- ſhe would always appear Full; as is plainly ſhown 
22 ys a by her Cap, which ſtil] Faces the Sun, as it ſhews 
one” it ſelf all round to the Earth, once in every Luna- 

tion. The Side of the Moon that ſtill keeps toward 
the Earth is engraven to diſtinguiſh it from the 
other; and to make her turning round her Axis 


the more viſible by Means of the Cap, which 


ſhows her Phaſes as they appear to the Earth, and 
turns round its own Axis only once in a 2 
Aan) 5 et 
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vet the ſame ſide of the Moon is not ſo exactly 
kept toward the Earth (tho? ſhe turns uniformly 
round her Axis) but that twice in every Lunation 
it is turned a little away; and twice brought back 
again. This is the Effect of two Cauſes, the one 


Her Li- 


whereof is the Elliptical Figure of the Moon's Or- B, ation. 


bit, the other is her riſing above, and falling be- 
low the Ecliptic as ſhe goes round the Earth in 
herOrbit, to which her Axis is not perpendicular. 
By theſe Means ſhe acquires that nodding Motion 
called her Libration, which in thisOrreryis very 
viſible. The Moon is moſt enlightned at her Con- 
junction, being then neareſt the Sun, tho' ſhe 
diſappears to the Earth at that Time ; and 1s 
leaſt enlightned at her Oppoſition becauſe ſhe is 
then furtheſt from the Sun, tho' ſhe then appears 


moſt enlightned to the Earth, becauſe ſhe ſhines 7% Eu: 


with a Full Orb or Diſc upon it at that Time. 


ALTHO' we have no Opportunity of meaſuring * 


Time by the Lunar Spots, becauſe ſhe ſtill keeps 
the ſame Side fo nearly obverted to theEarth; yet 
the Earth may be a very good Dial to the Moon's 
Inhabitants who have it in their view : For by 
the diverſity of its Phaſes, by the approach of the 


Sun or Stars toward it, by the Name of the Pole 


that it ſhews,and by the ſwift Motion of its Spots, 
ſuch as Seas, ſnowy Places, Iſlands, high Moun- 
tains, Sc. It divides the Day and the Night 
(which is equal to 293 naturalDays on the Earth) 
into a ſufficient Number of Parts; and fo will be 
of good uſe in meaſuring Time to the lunar In- 
habitants on the Side next the Earth: But can be 


ol no uſe to thoſe on the other Side, becauſe they 


never ſee it. Here it may be obſerved, that in 

the Courſe of a Lunation, the Earth as ſeen'from 

theMoon appears to turn only twenty eight _ 
an 


a 024 Di- 
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4 turn and an half round its Axis; for ſhe loſes the ap- 
of the, pearance of one turn by going round the Earth, 
round its from the Sun to the Sun again; becauſe her Mo- 
4xis loſt tion round the Earth, and its turning round its 
tothe Axis, are both performed the ſame Way, namely 
Moon from Welt to Eat. 

| Lunation, To ſhew the mean Times of all the New and Full 
| Moons, aud Eclipſes both of the Sun and Moon, with 
the Conjundtions, Oppoſittons, ſtationary, Places, and 
retrograde Mations of Venus and Mercury, for Times 
paſt or to come; the Orrery may be redified in the 

following Manner, to any given Time. 
Tung the Handle till the Pointer on theEcliptic 
comes to the given Day; which for conveniencyꝰs 
ſake may be the Day of any particular new Moon; 
ſtop there, and ſet the Moon by your Hand direct- 
Hvw the Iy between the Sun and Earth, bating what al- 
— lowance is to be made for the Obliquity of her 
rified for Orbit, wherein at that Time ſhe may chance to 
any Time. be above or below the Plane of the Ecliptic, in 
which the Earth always moves; then ſet the In- 
dex that ſhews her Age to the 3 Day on the Circle 
of 29 3 equal Parts, and it will point toward the 
Sun. Look into your Ephemeris for the Moon's 
Latitude on that Day, and as it 1s North or South 
Aſcending or Deſcending, ſet the Moon's Orbit fo 
as the Degree or part of a Degree of Latitude 
may be cloſe by the Moon, in a Plane cutting 
the Centers ot the Earth, Moon and Sun. This 
done, look for the Heliocentric Places of Venus 
and Mercury in the Ephemeris, and laying a 
Thread from the Sun, firſt over the Place of 
Venus, and then over the Place of Mercury, in 
the Edliptie; firſt ſet Venus, and then Mercury, 
to the Thread at their reſpecttive Places, and the 


n ine will be rectifed 1 


(33) 

N. B. In ſetting the Moon, or her Orbit, of _;Cau- 
the Planets or Indexes by Hand; you'll ion in de- 
be the more exact if you ſet them back- ing it. 
ward, or contrary to the way they move by turn- 
ing the Handle, becauſe there are no Wheel- 
Machines made, but what muſt have ſome ſhake 
in the Teeth of the Wheels. 

Tut Orrery thus re&ified, will by turning the 
Handle backward for Time paſt, or forward for 
Time to come, ſhew the mean Times of all the 
new and full Moons and Eclipſes, Cc. as 
aboveſaid z with the Sun's Place and Moon's La- 
titude every Day in the Year. For, when the 
Moon is in Con junction with the Sun, or Oppo- * 
ſite thereto, the Pointer on the Ecliptic will 3 
ſnew the Day of that new or full Moon: And 
when the Moon at her Con junction comes be- 
tween the little Sun on her Orbit and any of her gun E- 
Nodes, the Sun will appear to be Eclipſed; and ciip/ed. 
by the Poſition of the Earth and Moon, you can 
judge whether the Moon's Shadow will fall on 
the Equator, or on the North or South ſide there- 
of. When the Moon at her Oppoſition comes 

between the little Moon and any of the Nodes in 2055 
her Orbit, there will be an Eclipſe of the Moon Ecuipſed. 
on that Day, as ſhown by the Pointer; and you 
may know whether it will be Total or Partial: 

For if the Moon's Latitude be leſs than half a 

Degree, North or South; She will be totally 

Eclipſed : Otherwiſe the Eclipſe will only be 

partial at that Time. Thus you may ſee the true 

Number of Eclipſes in any Year, both of the Sun 

and Moon, by theſe Limits; which would be 73, ,,,, 

impoſſible to be done without them, in the uſu- Nenber 

al way of putting a Lamp inftead of the Sun; ofEclip/es 

even tho the Operator — put on a ſmaller 99": 
Earth 
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Earth and Moon than thoſe that are uſed at other 
Times; unleſs the Machine be made very large, 
and the Moon's Orbit therein be much inclin d, 
ſo as to make a great Angle with the Ecliptic: 
The laſt of which is deſtroying one Truth too 
far to explain another. To make this Inclinati- 
on the more viſible, I have made it double to 
what the Moon's Orbit is inclin'd to the Ecliptic 


in the Heavens; and have made the Moon's dil- 


tance from the Earth as great as in moſt Orre- 
ries that take in all the Planets. Yet tho'I had 
made the Earth no bigger than a Pea, and the 
Moon but a third part thereof in Diameter; I 
ſhould ſtill have been obliged to make the Angle 
of Inclination much greater, to let the Moon's 
Shadow paſs freely by the Earth without touch- 
ing it at new Moon, when ſhe is only eighteen 
Degrees from any ot her Nodes: Or that at full 
Moon ſhe ſhould eſcape being touched by the 
Earth's Shadow at twelve Degrees diſtance; as 


By thei every one will find upon Tryal. And this is the 
Lilie on Teaſon why I make my Orrery ſhew the true 
7h Myon' Number of Eclipſes, by ſetting their Limits on 


O: bit. 


the Moon's Orbit; without taking the trouble 
of putting on any other Earth and Moon than 
what are uſed for other purpoſes: bang ſee- 
ing that could not be done without 
on account of the ſydereal Dial-plate : And it is 
eaſy to conceive how, if theſe Bodies were ſmall 
enough in proportion to their diſtance from one 
another, the Shadow of either of them might 
Paſs by the other without touching it, at its pro- 
per diſtance from the Node. | 
THERE is a Wire with a {mall Knob at one end 
thereof, and a Hole in the other to be put upon a 
hoſe uſes ſhall 


Stem proceeding from a Creicent{w 
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be ſhawn afterwards) perpendicularly above the 
Earth; the Hole being wide enough to let the 
Wire be convertible ronnd the Stem, Having 
put it on there, keep it with your left Hand 
over Venus or Mercury; while with your right, 
ou turn them round the Sun by the Handle. Deck, 
n doing this, obſerve the Knob, for it will re- S 
preſent the Motions of Venus or Mercury as ſeen 7 u e. 
from the Earth, with reſpe& to the fixt Stars; Spbear- 
and it will ſometimes go forward, ſometimes ances of 
- backward, and at other times it will ſtand ſtil], Venusand 
on the Ecliptic. This clearly ſhows why the Merewy- 
Planets, by ſtill moving forward in their Orbs, 
appear from the Earth ſometimes Direct, ſome- 
times Retrograde, and at other times Stationa- 
ry among the fixt Stars; and the Pointer on the 
Ecliptic will ſhew the Times of all theſe differ- 
ent Appearances. A thread laid from the Sun, Tir 
over Venus, or Mercury, will ſhew its Heliocen- Helio- 
trie Place on the Ecliptic, at any Time; as the 5 0. 
Wire laid over either of theſe Planets, from the centric 
Earth, will ſhew its Geocentric Place on the E- Places. 
cliptic at any time alſo; as indicated by the 
Pointer. And to know what the Moon's Lati- 
tude or Declination from the Ecliptic is at any, Moon's 
Time, turn the Handle till the Pointer comes © 
to the given Time in any Month, and you'll ſee 
the Moon's Latitude by the Place where ſhe then - 
is, in her Orbit. 
THERE are two Semicircles croſſing one another 
as right Angles, and fixt to an elliptical Ring, , en 
fromwhich proceeds a forked piece to gooverthe 3 
Moon, when the ſaid Ring and Semicircles are 
like a Cap put upon the Farth, having firft taken 
off the black Cap which is uſed at other Times; 
In turning the Handle, this will be ſo led about 
| the 
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the Earth by the Moon, as to ſhew the mean 
Mot ion of the Tides, how they would roll it the 
Earth was all covered with Water, ſo as no Emi- 
nencies of Land might hinder the Sphæroid of 
Water from following the Moon ; whereby they 
roll from Eaft to Weſt contrary both to the diur- 
nal Motion of the Earth, and the Moon's Moti- 
on round it; becauſe. when any Place of the 
 Farth has the Moon in its Meridian, it moves 
_ quickly Eaſtward from the Moon as to leave 
her on the Weſt ſide; Butin the Time that the 
E Earth turns round its Axis from the Sun to the 
Why they Sun again, the Moon makes ſo much of a Re- 
happen la- volution round the Earth, as makes the Tide 
ter every happen about 4 of an Hour later every Day at 
Day than any given Place, than on the Day preceeding. 
on _ Becauſe of the Inclination of the Earth's Aris, 
ces. and Obliquity of the Moon's Orbit, the Tides 
ſhift over the Equator. and Tropics; being high 
None there abouts, and diminiſhing gradually toward 
about the the Poles, where they are ſcarce perceptible; 
Poles. zs is ſhown by the Semi- circle coloured green, 
whoſe Plane produc'd would paſs thro the Moon; 
it being broadeſt under the Moon, where the 
Waters are moſt attracted; and turns gradually 
narrower to the Place where the other Semi- 
circle inter fects it, where there is no attraction 
to raiſe the Waters; and may be called ene of 
the Poles, or ends of the Axis whereon the Tides 
turn: The other Pole is ſuppos d oppoſite to this; 
and it is Curious to ſee how theſe Poles ſhift over 
the Poles and polar Circles of the Earth, as the 

high Tides ſhitt over the Equator and Tropics. 
Ius other Semi-circle is white, and being all 
Lunar equally broad, ſerves for a lunar Horizon, or 
[101519 Boundary for all Places of the Earth Hr 
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the Moon is viſible at any Time; andſhews the 


Moows riſing and ſetting, as affected by her 
different Latitudes at all Times, If over this, 


you put the Creſcent (above mentioned) fo as 


its Plane may paſs thro' the Earth's Centre, by 
fixing it to the Stem that held the Earth's Cap, 
it will ſtill Face the Sun, and ſo become a ſolar 


Horizon, or Circle bounding Light and Darkneſs, las 


ſnewing how long the Moon riſes or ſets before Hbrizor. 


or after the Sun, every Day of her Age, by the 
Index on the Hour-Circle, and that on the Cir 
cle of 29 + equal parts. For, when any Place 
of the Earth is juſt coming out from below the 
ſolar Horizon; the Sun riſes to that Place; and 
ſets to it, as it goes in below the other Edge 


of the ſame Horizon or Creſcent. The like is to 


be obſerved with reſpe& to the Moon's rifing and 


ſetting, when the ſame Place of the Earth comes he ng 


vut from below, and goes in under the lunar Ho- „ern. 


rizon; the Times whereof will be ſhown every 
Day by the Index on the Hour-Circle. At new 
Moon, if ſhe has no Latitude, the two Horizons 
coinciding, will ſhew that the Sun and Moon 
rife and ſet about the ſame time; but at the firſt 
Quarter, theſe Horizons croſſing one another at 
right Angles, ſhew the Moon to riſe about Mid- 
day, paſs over the Meridian about ſix in the E- 
vening, and ſet about Mid-night. At the full 
Moon, the Face of the ſolar Horizon and back of 
the lunar One coincide > whereby the Moon ap- 
pears to riſe at un- ſetting, to paſs over the Me- 
ridian at Mid- night; and to ſet at Sun-rifing; hav- 
ing ſhone all Night upon the Earth. At the third 


Quarter, the two Horizons croſſing one another 


again at right Angles, but the lunar Horizon 
facing the contrary way to what it did N 
* the 
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the fuſt Quarter, ſhew that the Moon riſes at Wi 

Very ir. -Mid-night, paſſes over the Meridian about fix of 
regular, in the Morping and ſets about Mid-day. This the 
bonn of 38 What would happen if the Moon had no Lati- on 
ber diffe. tude, or if her Orbit lay all the while in the du 
ren Lali. Plane of the Ecliptic ; but as it does not, her ho 
indes. xiſing and ſetting will be very irregular on that Ec 
_.account,the Varieties whereof are — ly ſhown Ty 

by this new, tho ſmall Apparatus. ed 
ue juſineſs of the Planetary Motions in this Or- Pc 

rery may be ſeen in the following manner. 505 cli 

Ton the Handle till the Pointer comes to the Al 
beginning ot Aries, obſerving at that Time tic 

4 Proof when the Meridian of your Place is turned to- W. 
2 of ward the Sun; then ſet the Index on the Hour» Hi 
ze Plane. Circle to XII at Noon, and the Index on the fy- W. 
tary Mo- dexeal-Dial-Plate to 24; then turn the Handle, th 
tions in and as the Earth proceeds forward in the Ecliptic, th 
his Orre- you'll ſee the ſydereal Index on its Dial-Plate Ne 
gaining Time of the ſolar Index on the Hour - th 
Circle; which will always point to the ſame XII ttc 

when your Meridian turns to the Sun: But in cli 

a Quarter of a Year, the ſydereal Index will be be 

ſix Hours before the ſolar One; in half a Year, 1s 

12 Hours; in three Quarters of a Tear, 18 Ti 

Hours; and in a whole, Year, 24 Hours or a th 

whole Circle; which it will have gained of the ba 

ſolar Index in 365 Days, or ſo many turns of the || YT 
Handle. Note upon the Ecliptic, the Day of th 

any new Moon, and ſix a bit of Paper over againſt ſe 

her on the Wall, as ſeen from the Earth; then th 

turn the Handle 27 } times round, which will re 

bring the Moon round the Earth, ſo as to point ce 

from it tothe bit of Paper again; but to bring P. 

her round from the Sun to the Sun again, requires Ec 

29 1 turns; and the Pointer on the Ecliptic Et 


will 
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will have paſt over ſo many diviſions, to the Day 
of the next new Moon ; becauſe as every turn of 
the Handle brings any meridian-Semicircle up- 
on the Earth quite round from the Sun to the 
Sun again, and carries the ſolar Indez round its 
hour-Circle; ſo it advances the Pointer on the 
Ecliptic ene Day forward among the Months. 
Turn on till twelve Lunations are accomplith- 
ed, which will happen eleven Days before the 
Pointer comes again to the ſame Day on the E- 
chptic from which you began to compute: 
And it is commonly known that twelve Luna- 
tions come eleven Days ſhort of a folar Year, 
which 1s the Foundation of the Epact. Turn the 
Handle till the Line of the Noles, if produced 
would paſs thro' the Sun's Centre; then note 
the Place ot the Pointer among the Degrees of 
the Ecliptic, and turn the Handle till the ſame 
Node, in the Line of Nodes, comes between 
the Centre of the Earth and of the Sun again; 
ſtop there, and you'll ſee the Pointer cut the E- 
cliptic almoſt 19 Degrees ſhort of what it did 
before ; then turn the Handle, till the Pointer 
is carried forward that 19 Degrees (in which 
Time the Nodes are till moving backward) and 
the Line of the Nodes will be gone 19 Degrees 
backward ; which is their Retrogtadation every 
Year. This ſhifting backward or contrary to 
the order of Signs, is the reaſon why the Eclip- 
ſes happea every: Year ſooner than they did on 
the Year before; whereby they are gradually 
remov'd from the Conſequent, toward the Ante- 
cedent Signs. If you put a bit of Paper or 2 
Patch on the Sun over againſt any hack of the 
Ecliptic, ſo as to be guſt coming in ſight of the 


Earth; and then turn the Handle 25 4 times 
2 ffri⸗ a A round, 


— — — 
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round, the Sun will have carried the Paper or 


Patch quite round, fo as to point at the ſame 
Place of the Ecliptic again; but it will require 


two turns more to bring it in view from the 
Earth again, becauſe the Earth has been going 
forward in the Ecliptie while the Sun was turn- 


ing round his Axis. | | 
Ir you obſerve any meridian-Semicircle ot 
Venus that looks toward the Sun, aud turn the 


Handle 24 4 Times round, the ſame Semi-circle 


will again be turned toward the Sun, but he 
will not be vertical to the ſame Place as before. 
If you firſt ſet Venus, and Mercury by hand be- 


tween the Earth and the Sun; and note their 
Places in the Ecliptic, by laying a Thread from 
it, over them to the Sun, und then turn the 
Handle 88 times round, Mercury will be gone 
quite round ſo as to point from the Sun toward 
the ſame Place of the Echptic again. But to 
bring him in a right Line between the Earth and 


Sun again, or to his next inferior Con junction, 
will require 28 turns more; in all, 116 Days. 


All this time, Venus has gone little more than 
half round the Ecliptic; and therefore you muſt 


turn the Handle 109 times more round which 
will compleat her Revolution; equal to 225 


Days in round Numbers. But to bring her to her 
next inferior Con junction, you muſt turn the 


Handle 258 times more round; which added to 


the former 225, makes 583 turns, equal to a 


_ Year and 218 Days. 


Tn Motionsof Venus and Mercury come near- 
er the Truth in this Machine, than what is here 
mentioned; but if they did not, they would ſtill 


de near enough, when they are ſo quickly ſhown 
Handle, which may be 365 


as by turning 


times 
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times done in leſs than a quarter of an Hour ; and” 
in this quick Way of Inftru&ion, the Fractional 
Parts of Hours and Minutes in the annual Revolu- 
tions, cannot be obſerved; and conſequently muſt 
be loſt as to Senſe. | | 

I almoft believe it is in vain for any Man to 
pretend to make the Planetary Motions ſo ex- 
act in a Machine as for ever to agree with their 


Originals in the Heavens: But if I was to fit an 


Orrery tothe trueMotions of a well going Clock, 
I would at a ſmall additional Charge make it fo, 
as when moved by. the Clock. to perform the 
Farth's annual Motion in 365 Days 5 Hours 48: 
Minutes and 57 Seconds: Its Motion round its 
Axis (or ſydereal Day) in 23 Hours 56 Minutes 
4 Seconds and 6 Thirds: Its folar or natural 
Days in 24 Hours. The Moon's Motion round 
the Earth in her Orbit in 27 Days 7 Hours. 
and 43 Minutes; from new Moon to new 
Moon again, in 29 Days 12 Hours and 45 
Minutes. Venus annual Motion in 224 Days 
LY, Hours ; her diurnal' Motion in 24 Days 8: 

ours. Mrraurys annual Motion in 87 Days 23 
Hours + and the Sun's Motion round his Aris in 
25 Days 6 Hours. How near the truth theſe 
are, I leave to the Judgment of thoſe who have 
read aſtronomical Accounts of the celeſtial Mo- 
tions. 

When ſuch a Machine is turned by Clock-work, 
it is inſtructive only in a ſlow tedious Way to 
thoſe who can have daily recourſe to it; and 
ſuch remarkable Things, as Eclipſes of the Sun and 
Moon, or the Con junctions, Oppoſitions, &. of 
the Planets, cannot well be predicted by it for any. 
conſiderable times befare they happen. But if 
it: be made ſo as that it can be diſengaged _ 
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e 
the Clock, and turned by Hand at pleaſure, they 
may; tho? there will be ſome Trouble in putting 
it to the Clock again, becauſe the Planets 1 
be then ſet to the ſame Places, where they 
would have been by the Clock's Motion; which. 

| F take te be the Reaſon. why ſo few Orreries' 
are made to be turned any other Way than by 
the Hand, that being the moſt inſtructive Way» 
of ſhewiag, the planatary Matians by them. 


* 


l — 


Every Reader is requeſted to Pardon the badneſs. 
ol the Printer Types, and to.cofrat theſe: 
LEREGTA.... 


Page 14, L. 13, for; Venus', r. Venusz; an 
in the Margin for Venu's, r. Yenus*s;P. 16, L. 1, 
and 2, for Wire: paſſing, r. Wire paſſing ; N. 
29, L, 12, dels, after unn. 
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The Reader is deſired to correct the following 
Errors of the Preſs. 


Page 6, Line 15, for and Friction, read and leſs. 
Friction. P. 14, L. 13, for Venus, read Venus's; and 

in the Margin, for Venu's, read Venuss. F. 16, 2 
and a, for Wire-paſing, read Wire paſſing. P. 18, I. 
22, fer Earth, read Earth's. P. 20, L. 12, for Sun. as 
read Sun, as. P. 25, in the firſt Note in the Margin, for 
_— read Earth's, P. 42, L. 9, for planatary, read 
planetary. | 
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